Ecosystem service (ES) is a growing field of research characterized by an increase in publication number. The review was conducted to provide an overview of trends of forest ecosystem services (FES) research and methodological approach to studied FES. Currently, the number of publications on ES was more than 18,000, but small publications were linked with FES. Based on the selection criteria, 41 peer-reviewed publications were screened to analyze the type of FES studied and the method used to quantify ES. The result showed that most of the research articles, to date, had focused largely on provisioning, regulating and cultural ecosystem services, which were timber production, water supply, carbon sequestration, and recreation. FES like a pollination, genetic resources, pest regulation, and aesthetic values have not been studied in any literature reviews. The review result showed that different studies used diverse methodological approaches and had inconsistent and scattered conclusions. From the selected studies, the majority of them were conducted in Europe and Asia. Particularly, the publication number from Ethiopia was very low and needs to conduct studies before the forest resources are further degraded.
Background
Ecosystem services are "the benefits that people obtain from ecosystems" (MEA 2005) . It is defined as "The direct and indirect contributions of ecosystems to human wellbeing" (TEEB 2010) . Ecosystem services provide various materials and non-material benefits to human beings (Costanza et al. 1997; Nelson et al. 2009; Vizzarri et al. 2015; Englund et al. 2017) . These services are grouped into four broad categories of provisioning, regulating, cultural and supporting ES. Provisioning services which are familiar part of the economy and includes goods obtained from ecosystems like food, fiber, fresh water, and genetic resources. Regulating services include benefits obtained from the regulation of an ecosystem processes, including air quality regulation, climate regulation, water regulation, an erosion regulation, a pollination, and natural hazard regulation. Cultural services are the nonmaterial benefits that human beings are acquired from the ecosystem through aesthetic experience, reflection, recreation, the spiritual enrichment, and knowledge system and education. Supporting services are fundamental to maintain the conditions for life on Earth and include services like soil formation, photosynthesis, and nutrient cycling, and habitats for species (De Groot 2002; MEA 2005; Englund et al. 2017) . Therefore, the flow of ES is determine the level of human-well beings, which is linked to ecosystem composition and function (Cruz-Garcia et al. 2016) .
Ecosystem services as one field of studies began after the studies by Daily in 1997 and Costanza et al. in 1997 (Aznar-Sánchez et al. 2018 . Later on, the concept is introduced to the political agenda by the MEA project in 2005; the TEEB in 2010 and the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) in 2012. They are benchmarks that turned the concept into a political instrument to achieve the sustainable use of natural resources. They can benefit policy-makers to make an informed decision that is based on scientific evidence (Aznar-Sánchez et al. 2018) . Since the publication of the MEA document in 2005, ecosystems have become widely recognized as natural capital assets that support and supply services which are highly valuable to the human well beings. As a result, there is a growing appreciation worldwide on the importance of an ecosystem to human welfare by providing goods and services, and on the impact of human actions on ecosystems (Ojea et al. 2012) . The ecosystem that provides services is sometimes referred to as 'natural capital' . Thus, "ecosystem services refer to the relative contribution of natural capital to the production of various human benefits, in interaction with the other forms of capital". Ecosystem services can flow to the human wellbeing through an interaction process (Harmácková and Vackár 2015; Costanza et al. 2017 ) (See Additional file 1: Table S2 ). To make more specific about the natural capital and ecosystem services, various ecosystem classification was done for scientific analysis, economic valuation and policy issues. For instance, following Daily (1997) and Costanza et al. (1997) , various classification schemes were developed such as MEA in 2005 classified into 22 under four groups: provisioning, regulating, cultural and supporting. TEEB (2010) uses a classification that includes 22 ES grouped into four main categories: provisioning, regulating, habitat, and cultural and amenity. The important difference between MEA and TEEB is that the TEEB classification omitted supporting services-is considered it as a subset of ecosystem processes and the inclusion of habitat services category under its classification schemes. The Common International Classification of Ecosystem Services (CICES) was developed to provide a hierarchically consistent and science-based classification to be used for natural capital accounting purposes (Costanza et al. 2017) .
The continued and the rapid degradation and unsustainable use of ecosystem services all over the world put the health and livelihoods of millions of people at risk (Egoh et al. 2007; Aerts and Honnay 2011) . These urges a sustainable way of management to balance the potential of forest ecosystem services with human needs. The balance between forest resource exploitation for human wellbeing and ecosystem conservation is a key to bring sustainable development (Rukundo et al. 2018) . As a result, scientists and policy maker started to work together. Researcher, policy-maker, and practitioners develop an interest in ES that has come from several sources (Balvanera et al. 2014 ). The widely acknowledged source is perhaps the report of MEA by the United Nations in 2005, which was the first comprehensive global assessment of the implications of ecosystem change for people (Cuni-Sanchez et al. 2016) . Following the MEA 2005) report, the ecosystem services concept got broader attention worldwide. The existence of strong link between biodiversity and ecosystem services lead to the creation of TEEB which was initiated by UNEP (United Nations Environment Programme) in 2010, EC (European Commission), and the Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) in 2012. In addition, an international conference was held on ecosystem services. The growing on the importance of ecosystem services fields at the global level has also resulted in the launch of new journal type with a title of Ecosystem Services in 2012 (Braat and de Groot 2012; Ninan and Inoue 2013b) , and special issue of the journal was opened which is Ecological Economics on ecosystem services valuation. The aim is strengthening a sciencepolicy interface that can contribute to conserve and sustainably use the biodiversity resources, prolonging human well-being and to bring sustainable development (García-nieto et al. 2013; Balvanera et al. 2014) . During the past decade thus, ecosystem service research is a rapidly evolving field and the number of publication is rising (Fisher et al. 2008) .
Ecosystem services concept was initially introduced to raise public awareness on the importance of biodiversity for human existence and to conserve biodiversity. Forest is thus, the main sources of ecosystem services and are fundamental for life support systems (Vizzarri et al. 2015) . Forest ecosystem services have direct and indirect services. Direct provisioning services are timber, fiber, bioenergy, grazing, clean water, traditional medicines, and the socio-cultural benefits that include ritual services, aesthetic, and ecotourism. Forests have also regulatory services such as erosion regulation, landslide control, and regulation of water, air, drought, disease, and climate through carbon sequestration. Supporting services from forests can include pollination, nutrient cycling, and sources of propagates for shade and agroforestry trees, bio-control of agricultural pests, and biodiversity conservation (Power 2010; Tadesse et al. 2014 ).
Forest plays a major role in global climate regulation through sequestration of carbon and serves as a carbon sinks during its most stage of development. It can also serve as a habitat for various plants and animal species, for mitigating pollution, flood control and other ecosystem services (Deal et al. 2012) . Tropical forests are one of the most diverse in biodiversity and ecosystems on earth. Biodiversity is widely acknowledged that it has a significant role in the provision of various ecosystem services to people (Beenhouwer et al. 2013; Tekalign et al. 2018) . It maintains the indigenous culture, provides means of livelihoods for millions of people, and sequestering about 40% of the global terrestrial carbon (Tekalign et al. 2018 ). However, the high rate of deforestation and degradation are eroding the biodiversity composition, function, and structures of forests. The degradation process causes a decline in resistance of forests to natural or anthropogenic disturbances (Brockerhoff et al. 2017) . These, in turn, caused a decline both in quality and quantity of services that people have from forests because biodiversity and ecosystem services are inseparably linked, and both are declining at the global level (Egoh et al. 2007; Aerts and Honnay 2011; Balvanera et al. 2014; Tekalign et al. 2018 ). These are caused by human-induced effects such as forest removal, degradation, and encroachments which caused a decline in biodiversity and ecosystem services (Tadesse et al. 2014; Tolessa et al. 2017 ). According to Aznar-Sánchez et al. (2018) , the expansion of farming land, urbanization, and effects of climate change also threaten the forest resources and its service flow. Thus, the forest resource needs management that sustainably prolongs the ecosystem services. To introduce sustainable forest resource to maintain an ecosystem services, understanding of their importance at the spatial and societal level is critical. Understanding the types of forest-based ecosystem service which has importance to human wellbeing is the main part of ecosystem service assessments.
The reviewed work is a systematic study dealing with ecosystem services of forests. Particularly, the study focuses on answering the following two questions: (1) what are the trends of forest ecosystem services in comparison to ecosystem services; (2) what are the methodological approaches employed to value FES. In the discussion section, the research gaps of the selected studies and future research needs are explained. Although the monetary value for forest ES has limitation and technical challenges (Spangenberg and Settele 2010; Luck et al. 2012) , representing FES values in monetary terms has more role to expand the sustainable utilization of resources. Therefore, the main aim of the present study was to assess and gather the available knowledge and information on forest ecosystem services, its monetary value, and areas demanding further works through a meta-analysis of individual case studies from the peerreviewed English journal articles. The specific aim is to (1) provide and develop timely and relevant scientific knowledge regarding ecosystem services and forest ecosystem services; (2) quantify the monetary value and the methodology used for forest ecosystem services; and (3) identifying and discussing future research areas of forest ecosystem services.
Methodology

Data collection
Data were collected from the literature found in Scopus and Science Direct databases. The search focus on peer-reviewed journal articles written in English, excluding books and book series, conference proceedings, editorials, letters, patents, reference works, research notes and trade publications. The search was conducted in December 2018 and peer-reviewed journal articles cover those published between 2005 (coinciding with the publication of the Millennium Ecosystem Assessment synthesis reports) up to 2018 that focus on ecosystem services and forest ecosystem services in a title, keywords or abstracts. It also has been carried out a general search of articles on forest ecosystem services indexed by Google scholar during the same period.
The term used and frameworks of data collection
A list of research articles was generated using "ecosystem service" both on title and title-abstract-keyword. The next search was using the filtering process of "forest ecosystem services" both on title and title-abstract-keyword. It must be taken into consideration is that different search parameters would give different results. Figure 2 below presents a flow diagram of the selection process of publications for this review paperwork. It is based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) rules and templates (Moher et al. 2010 ). The selection was based on the following criteria. In the first step, a research article that constitutes forest ecosystem services or forest services in the article title was selected by excluding conference/proceedings and books. The literature resulting from the keyword search was narrowed down by reading the abstracts and screening the texts. It limits studies that explicitly stated forest-related ecosystem services and it excluded any paper dealing with ecosystems other than forests. Using the filtering process, the total number of articles found was 17,911 from Scopus and 6321 from science direct databases, without excluding duplicated articles. The second step was to include only case studies that took place on forest ecosystem services. This resulted in research articles of about 1911 from Scopus and 429 from science direct databases. The third step was to exclude publications that was reviewed articles and research papers that lack the quantification of forest ecosystem services either using InVEST or other economic valuation techniques. Document abstracts were read to evaluate the occurrence of the different forest ecosystem services and the monetary value of forest services. This help to ensure that the articles were included that focused on valuation, quantification, and mapping of forest ecosystem services, but were excluded when they did not meet the selection criteria. Duplicated articles were manually deleted. Therefore, 41 articles were selected for further analysis. For full transparency, a list of all publications retained for further analysis is provided in the Additional file 1: Table S1 .
From the final list of the papers, there were various types of forest ecosystem services have been analyzed, as most of the reviewed papers address on several forest ecosystem services. It is conceded that these publications do not comprise every single paper that stated forest ecosystem services, but they do allow one to gain a broad overview of the most significant literature and to draw reliable conclusions on recent approaches to forest ecosystem services research and its methodology used to assess the various ecosystem services. Science direct includes a lower number of indexed journals than Scopus however, Scopus is easily accessible, has tools to view and analysis data, and downloading data in various ways (Aznar-Sánchez et al. 2018) (Fig. 1) .
Data analysis and presentation
The data gathered in this review were analyzed using descriptive statistics. For each of the identified studies, therefore, the following information has been coded for further analysis: types of ecosystem services investigated, the methodology used to assess the ecosystem services and monetary estimates, scale, year of study, institution, country, and journal. Later each forest ecosystem services was classified to provisioning, regulating, cultural and supportive services based on the millennium ecosystem assessment categories. After the FES type was identified, statistics of the four ES categories were calculated and displayed using different tables and figures. The results were drawn up in order to view and analyze the data using an Excel spreadsheet.
Results and discussions
Trends of scientific research production on ES
The two databases had no equal publication number using the same search terms. Table 1 summarizes the main outcomes of the literature review both on ecosystem and forest ecosystem services from 2005 until December 31, 2018. From the first search of research articles using a combinations of the term "ecosystem service" and title-abstract or keyword "ecosystem services", about 6321 articles (5656 research and 665 reviewed articles) were found in science direct data basis and from Scopus data basis, a total of 17,911 articles of which 15,927 research and 1984 reviewed articles were found. Comparatively, the Scopus database had more published articles in its archive than the science direct database. In all search engines except the "supporting services" OR "supporting ecosystem services", the Scopus had larger number of published articles than science direct. Fig. 1 The flow diagram for database search of publications for systematic reviews. This figure demonstrates the process of selecting the final articles related on the topic for further analysis. The number of articles was large in number, when the search was any ecosystem service research work. However, when the criteria is going to be more specific to FES and its methods used to quantify/qualify, mapping and value the ecosystem services, thus the size of the articles was reduced Source: Modified from Moher et al. (2010) .
Using the second search engine, "forest service" OR "forest ecosystem services", the publication amount from Scopus database was larger than the science direct database. About 1911 publication (1762 research articles and 149 reviewed articles) and 429 articles (421 research and 8 reviewed articles) were found from Scopus and science direct databases, respectively. Based on the four main categories of ES, most of the articles were cover cultural, provisioning and regulating ES. The number of studies addressing habitat/supporting ES were small, which might be linked with the absence of well-developed methodology, unlike the others.
From the third searching engine category, "ecosystem services" AND "Ethiopia", "forest ecosystem services" AND "Ethiopia", and "ecosystem services" AND "forests" AND "Ethiopia", relatively Scopus database had larger publication number. However, when the search term was becoming more specific to the types of ES, the amount of publication was too small. For example, based on "forest ecosystem services" AND "Ethiopia" searching terms, only two and one research articles were found from Scopus and science direct databases (see Table 1 ). Figure 2 shows a comparison between the numbers of published research on forest ecosystem services in particular and on ecosystem services in general from the science direct database. In order to compare the growth in the number of articles within each line of research, the annual accumulation of publication was calculated. Based on publication number, in 2005 and 2018, ES increased from 23 to 1291, and FES from 21 to 50 publication using science direct database. The result showed that there is an increment of research publication mainly on ecosystem services. Though the term ecosystem services existed before the 1970s, it has been mainstreamed in the scientific literature in 1990s (Costanza et al. 1997; Daily 1997) . After the publication of the millennium assessment report in 2005, ecosystem research work became popular and exponentially increases (Fisher et al. 2008; Luck et al. 2012; Philipp et al. 2013) . For instance, the number of publications on ecosystem services has grown exponentially from one in 1996 to more than ten per year to 2008 (Crossman et al. 2013) . Figure 3 shows the trends of forest ecosystem service publications. However, the amount of publication on forest ecosystem services was rising after 2009. From the last 3 years, the year 2017 had the highest number of articles (217 articles) than the year 2016 (184 articles) and 2018 (162 articles). The last year had the smallest article number than the previous 2 years in terms of its publication number. Bojovic et al. (2013) reviewed journals during the 5 year period from 2006 to 2010 to identify research trends of forestry journals. They found out about 16,258 documents from 42 journals which were classified in 22 subdisciplines. However, none of these categories were linked to ecosystem services. This was due to the existence of various journal types that published forest-based ecosystem service research works. Nowadays, there are over 18,000 research articles on ecosystem services. It can be concluded that ecosystem topic has got more attention in the scientific community and also the relevance of forest in its ecosystem services are increasing. Therefore, the study proved the existence of growth on ecosystem service publication using the sample sources. However, this analysis was not considering articles that are stating ecosystem services but not used the term ecosystem/ forest ecosystem services in their title topic, keywords or abstract.
Distribution and scientific journal production on FES
Subject categories
Note that one article may be simultaneously included in more than one category. Figure 4 shows the subject categories of authors based on Scopus classification from 2005 to 2018. Throughout the whole period analyzed, 35.8% of the published articles were classified under Agricultural and Biological Sciences. The next which was 34.3% in Environmental Science, 10.8% Social Sciences, 4.4% Earth and Planetary Sciences, and 3.1% under Economics, Econometrics and Finance. The remaining categories account for less than 3% of published articles. Based on principal subject categories under which Scopus classified articles on forest ecosystem services, two subject areas shared about 70%. These were Agricultural and Biological Sciences, and Environmental Science. Similarly, in the reviewed work of Aznar-Sánchez et al. (2018) , these two subject areas were dominant and shared more than 60% of the published articles from 1998 to 2017. This slight variation between these two reviews might be due to variation in data sources and time period of the review covered. Dobbertin and Nobis (2010) reviewed the publications of 6 journal articles on forests during the 1979-2008 periods. As a result, they mentioned that the titles of forest or forestry publications are increasingly include topics from Natural Sciences but Economic and Social Sciences topics are still underrepresented. Their result showed that social and economic topics are understudied. However, in the work of Aznar-Sánchez et al. (2018) , they could observe that there is a relevant presence of Social Sciences in forest ecosystem services but the economic presence is still limited. On this review work, however, the Social Science and Economics, Econometrics and Finance had a relatively better share in forest ecosystem services research. However, other social science like Business, Management and Accounting had weak involvement in the FES studies. Table 2 shows the evolution in the number of articles for FES in the top 10 countries from 2005 to 2018. The United States placed first, followed by, Canada, Germany, China, and the United Kingdom. Compared with AznarSánchez et al. (2018, reviewed work, two countries, South Korea and Finland-which were replaced by Brazil and France were absent in the top ten productive country lists. This variation might be related to the search engine term we used and the sources of the database. Table 2 also shows the number of articles published on ES and if the number of ES articles were considered, the Fig. 4 The percentage of ecosystem service publication based on subject areas. This figure stated authors' background who published articles in relation to ecosystem services. Most of the articles were published from authors with agricultural and biological, and environmental science background USA comes first and South Korea tenth. These countries were also considered to act as the main research drivers in the ecosystem services research, except for Finland and South Korea, which their position was replaced by Spain and Netherlands, respectively. The United Kingdom is the country with the second highest article number next to the USA if we consider its publications on ES and followed by Germany. Table 2 also shows the percentage of ecosystem services articles which deal with forest ecosystem services per journal {(FES/ES: number of articles on forest ecosystem services/number of published articles on ecosystem services) × 100}. The analysis period of each journal begins in 2005 with its publication on FES. The country with the highest ratio was in South Korea of which from the total ecosystem publication, about 36.17% was on FES. However, this did not imply that South Korea leading others in its publication number rather the small variation between the number of ES and FES publication made the ration highest. The next highest was in the USA, which was 21.65%, but the least was in the United Kingdom (1.94%). 
Publication by countries
Publication by journal types
Fig. 5
The first five journal types that published research works on FES. The issues on ecosystem services were published in diverse journal types. Among them the first five journal lists that had a large number of research publication on ecosystem services were listed. The concept of ecosystem services motivated to launch a new journal of ecosystem services by known publishers to publish research on ecosystem services in fifth place with 51(3.4%) articles. These five journals comprise only 25.12% of the total number of articles published because scientific articles on FES are published in a very wide range of journals. The Journal of Ecosystem Services has low rank based on the number of publication, which was 30 articles (2.0%) and had the eighth place. It is the most recent publication that joins this field of research and published its first article on FES in 2013 (Aznar-Sánchez et al. 2018) . Despite this, it takes the lead in the number of articles published and has the highest SJR index (1.743). It should be noted that the journals with the highest number of articles on FES are of the highest quality.
The reviewed publications on FES
Overview of FES types and their distribution
As marked in Fig. 6 , the 41 studies included were conducted in six continents; Asia (18 studies), Europe (9 studies), Africa (6 studies), Australia (1 study), North America (2 studies) and South America (5 studies). The study represented 20 countries and a single study in Europe cover 26 countries, which was a study at a regional scale. The selected studies had cover eight countries from Asia, five countries from America, three countries from Europe and Africa each, and one from Australia. The study covered small number of world countries and were not enough to cover the forest resources of the continents. For instance, at country level, China and Spain had the largest number of publication, which each has seven and five published articles, respectively. Thus, quantitative inference based on the existed results were less sound. Figure 7 shows the list of eighteen journal types where the reviewed articles were published. The journal with the most publication number was Ecosystem Services that published 13 papers out of the 41 reviewed articles. The next was Forest Policy and Economics that had a publication of four papers. Two journals i.e. Ecological Indicators and Land Use Policy each had three publications. From the remaining 14 journal types, four journals each had two publications and the rest 10 journals had one publication each. The number of ecosystem services investigated is different across the reviewed articles, ranging from a minimum of one to a maximum of 13 in a single paper.
From the ecosystem services included in the sample, 85.4% and 82.9% were regulatory and provisioning ecosystem services i.e. were 35 and 34 publications, respectively. Twenty reviewed (48.8%) papers dealt with cultural services, and 18 (37.5%) papers deal with supporting services. The studies differ in their spatial scope, time of the The 41 selected articles deal with mapping, valuation, and quantification/qualification of FES and in general cover about 243 FES indicators. Figure 8 listed the most common ES addressed in the reviewed literature. The most common services investigated from provisioning ES were timber production and water provision, which had equally 46.3%; carbon sequestration (65.9%) and erosion control (34.1%) from regulating ES; recreation (46.3%) and, tourism, education and research (14.6%) from cultural ecosystem services and soil conservation (22%) from supporting ecosystem services. However, cultural and supporting ecosystem services were most underresearched ecosystem service category (Howe et al. 2014; Cruz-garcia et al. 2016 ). This has been common in the literature (Defries et al. 2004; Rodriguez et al. 2006 ) and the reason could be one or more of the following. These services are not well defined and understood like provisioning or regulating services (Crossman et al. 2013) , and the methodology might not be easy to study and/or measure the given ecosystem services.
Based on the mode of FES assessment, 22 publications (53.7%) of the reviewed paper used economic valuation, 8 publications (19.5%) of FES mapping, and 10 publications (24.4%) of FES quantification/qualification. Publications on economic valuation was higher than mapping and quantification/qualification of FES. Two publication (Joshi and Negi 2011; Duc et al. 2018 ) combined two modes of FES assessments, that is 'quantification/qualification' and valuation, and 'mapping' and 'valuation' and one publication (Escobedo et al. 2015) was undefined. However, they ended up with more focus and detail investigation on one of the assessment mode. For each reviewed paper, the following basic information was summarized: authors and location; methods employed to assess ecological functions; methods employed for estimating monetary values; estimates for the total FES; and estimates per hectare (Tables 3, 4 , 5, 6, 7 and 8).
Methodological approaches used by the selected papers
Provisioning FES Provisioning ecosystem service category mainly includes Food, Fiber, Genetic resources, Freshwater, Ornamental resources, Bio-chemicals, Natural Medicines, etc. (MEA 2005) . From these ecosystem services, the most covered in the reviewed articles were water yields and timber production. According to Table 3 , each author used a distinct method of water yield valua- List of journals published the selected arƟcles Fig. 7 List of journals that published selected publication used for further analysis. It includes journal types that published the articles selected for final analysis using the selection criteria. The total number was 18 journal types and 10 of them got published only one article and one journal (ecosystem services) alone published 13 articles out of 41
tion. This implies that the valuation techniques for water yield estimation was diverse. In contrast, the economic valuation techniques for timber productions were related to market prices. However, the total values and the per hectare and per year estimate were local dependent, which was higher in most developing countries and lower in less developing countries. For instance, in Kenya by Huxham et al. (2015) , it was 206 US$ ha
, and in Italy by Häyhä et al. (2015) , estimated 218£ ha −1 year −1 (248.084 US$). Therefore, the economic value of timber was local dependent.
Regulatory FES This category includes air quality regulation, climate regulation, water regulation, erosion regulation, disease regulation, pest regulation and pollination (MEA 2005) . Among them, from the 24 reviewed literature, most of them addressed climate regulation and erosion regulation. Through photosynthesis, carbon is stored in forests and is a function of forest productivity (Brockerhoff et al. 2017) . Based on Table 5 , the economic valuation of carbon sequestration was diverse in its types. The volume of carbon sequestered by forests was commonly estimated based on market/carbon market price (Ninan and Inoue 2013a; Morri et al. 2014; Huxham et al. 2015; Ninan and Kontoleon 2016; Kibria et al. 2017; Wang et al. 2018) . Morri et al. (2014) used 20£/tCo 2 in Italy and Huxham et al. (2015) in Kenya used 10US$/tCo 2 . Few studies used carbon tax method of economic valuation for carbon sequestration. These were Kibria et al. (2017) used carbon tax using InVEST model with a value Using the final list of articles, the most common forest ecosystem services well studied were described. Majority of the work concentrated on regulating (carbon sequestration, erosion control), provisioning services (timber production and water supply) and recreation from cultural ecosystem category (Gaodi et al. 2010; Duc et al. 2018 ) which used social and afforestation costs for climate regulation ecosystem services. In addition, the estimated monetary value per hectare basis for the same ecosystem services was vary. For instance, Morri et al. study in Italy at two watersheds (Marecchia and Foglia) estimates the total ES value of 7.32 × 10 6 £ year −1 and 6.60 × 10 6 £ year −1 respectively (Morri et al. 2014 ). According to D' Amato et al. (2016) , for hydrological estimates in China, the monetary value was range from a few dollars to thousands. The next regulatory ecosystem services that had economic and biophysical estimation was erosion regulation of forests. Table 6 shows each author used different techniques of estimating soil erosion in their study. The valuation and monetary estimation techniques were also varied across different studies. However, air quality regulation of forest was studied in South Korea by Song et al. (2016) , and the finding showed that forests can sequester about 8.6 kg SO 2 and 16.8 kg NO 2 ha −1 . In 2011, the whole forest was sequestered of 52,150 and 93,254 tons of SO 2 and NO 2 , respectively.
FES benefits that lack direct market valuation could be valued in monetary terms using non-market valuation methods like cost-based methods (i.e. avoided cost or damage) which was particularly suitable for approaching regulating services . In addition, the benefit transfer, opportunity cost, willingness to pay and replacement price methods were commonly used. These methods help to estimate the monetary value of local ecological functions performed by using replacement price method. It helps to measure the cost of replacing the ecosystem services through other means. For example, the value of forest for soil conservation and soil formation could be estimated using the replacement price method of fertilizers and organic manure. For FES where the use values were not clear or non-use values were dominant, other methods like hedonic pricing, willingness to pay and travel cost could be employed.
Supporting FES Supporting ecosystem services includes soil formation, photosynthesis, primary production, nutrient cycling and water cycling (MEA 2005) . From the 24 reviewed literature result, the most studied ES were soil formation and nutrient cycling ecosystem service. According to Table 7 , soil formation was included in six studies and was typically based on replacement price method of the price of fertilizer, where the values estimated was 351.45 × 10 6 ¥ and organic manure from the decomposition of litter had a value estimate of 728.67 × 10 6 ¥ per year in China in 2004. The other estimation method was hedonic pricing, opportunity cost and benefit transfer of Costanza et al. (1997) . The value of FES was therefore high in some areas. For instance, the studies of Kibria et al. (2017) in India and Ninan and Kon- Cultural FES Cultural services include recreation, education, aesthetic, and sense of place, cultural heritage, spiritual and religious, and inspirational services. These services were the nonmaterial benefits which people can obtain from ecosystems through a spiritual enrichment, cognitive development, reflection, recreation, and aesthetic experiences (MEA 2005) . The case study covers section of the cultural ecosystem services, mainly recreation, and tourism, education and research. According to Chan et al. (2012) , the possible reason for the absence of most cultural ecosystem services is lack of attention on the non-monetary valuation of ecosystem services. Similarly, the result of this meta-analysis and systematic work showed that cultural ecosystem services were less valued and mapped ecosystem services except for recreation ecosystem services. Another study by Lara-Pulido et al. (2018) finding, cultural ecosystem services was less addressed than regulatory and provisioning services as it has a lower value than other ecosystem services. Moreover, (Milcu et al. 2013 ) noted that cultural ecosystem services are understudied because of two factors. First, cultural ecosystem services are not emphasized on the whole range of cultural ecosystem services rather on specific parts. Secondly, it is considered as a complementary rather than being leading incentive for decision making. Table 8 shows the recreation services from the 24 reviewed articles. The methodology used includes benefit transfer, willingness to pay, cost method (travel cost and cost of hunting) and the direct valuation method. As a result, there was a large variation of the monetary values reported. However, recreational ecosystem service was generally valued highly in high income countries (such as Italy and Japan) than low-income countries (e.g. India and Cambodia).
In sum, Tables 3, 4 , 5, 6, 7 and 8 infers that there was a great variation in types of ES indicators, economic valuation methods, and reference prices between studies. The reviewed literature employed the market price method (direct market price, stumpage price, and market valuation) and cost methods (avoided cost, opportunity cost, travel cost, replacement cost, cost of removal, social cost) to produce a general approximation of the economic value of water yield and timber production from provisioning, and carbon sequestration and soil erosion control/sediment yields from regulating FES. Benefit transfer methods were more used in cultural FES for economic valuation of recreation service. Further, only a limited number of studies provided a monetary value of the specific ES per unit of area and most of the studies did not provide the size of the forest area used in the study.
Researchers lack consistency in their use of terminology. For instance, some discuss 'carbon sequestration' , 'maintenance of favorable climate' or 'climate mitigation' . Other researchers were used the term 'CO 2 sequestration' . Some of them provided the total economic value of the ES, however, drawing comparisons and inferences using total ES values were less worthy since the size of the total area used for the investigation was varied across studies.
The studies used different currency types and conducted at varied years. Thus, a simple conversion of the monetary values to international currency might not consider the rate of inflation. In addition, most of the difficulty was related to the different methodological approaches used by the studies. Portman (2013) conducted a critical review on challenges to implement ES in the real world and finally the author concluded two challenges. These were the challenge to mainstreaming the ES concept into policy-making institution and challenge of the assessment methods.
Furthermore, there were papers for example (Zhang et al. 2010; Uddin et al. 2013; Häyhä et al. 2015; Huxham et al. 2015) which did not define well the ecosystem services under investigation, its category, and in some of the reviewed articles, two or more services with different outputs were jointly valued. These challenges had obstruct from making a comparative analysis between different case studies. Therefore, Zhang et al. (2010) recommend first to adopt a unified definition of ecosystem services and to use only standardized methodologies for valuing ecosystem services.
Trends of FES studies in Ethiopia
In Ethiopia, the amount of publication included both in Scopus and science direct databases were small compared to the amount and diversity of resources we have had. Using the search engine of "ecosystem services" AND "Ethiopia", 107 and 48 publication was found from Scopus and science direct databases, respectively. From these number, five and two papers were reviewed papers from Scopus and science direct databases, respectively. By using the more specific search engine, which was "forest ecosystem services" AND "Ethiopia", the amount of publication was too small, i.e. two and one from the two data sources. This showed that the amount of publication on FES case studies was too small, almost nil, and the existed studies cover ecosystem services at watershed/ landscape level. Therefore, more efforts are needed from scholars of the area to produce a scientific publication on both FES and ES in Ethiopia (see Table 1 ).
